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1.Introduction 
Kon – Ha Thanh River basin is the largest and the most 
important river basin in Binh Dinh Province (Vietnam’s 
South Central Coastal Region, see Figure 1). Kon – Ha 
Thanh river basin has an approximate 3560km2 area and a 
population of 1,001,126 people (in 2010). Floods of Kon 
– Ha Thanh river often cause serious consequences, 
negatively affect people's lives in the basin, mainly in low 
land areas of Binh Dinh province. Agricultural production 
and livelihoods of people in the basin area are unstable 
because of flooding. According to the statistical data of 
Binh Dinh province4), the flood in 1999 caused 71 people 
died, 21 people injured, 48,932 houses , 233 classrooms, 
70 rooms of 40 medical aid post and 4000 ponds flooded 
in water. In agriculture, 12,202 ha rice field was damaged. 
In infrastructure, 45 reservoirs were scoured, 41 weirs, 30 
pump stations, 1063 irrigation structures, 673 km 
transportation routes  were damaged, 258 channels and 
28 km dykes were broken. Total losses in Binh Dinh 
province caused by the flood in 1999 is approximately 
313 billion VND (15,650 million Yen). Therefore, issues 
of flood and disaster relief are urgent issues and should be 
studied. 
There remain many problems in the flood prevention in 
Vietnam. About hard engineering, there is not enough 
construction. About soft engineering, there is not enough 
flood hazard maps and public education. In this study, I 
choose the soft engineering because it is cheaper and 
faster than the hard engineering method and based on the 
results of the soft engineering method, we can assist the 
hard engineering by building construction at right places. 
Moreover, the climate has significantly changed over 
all regions of Vietnam. In the past 50 years, the average 
temperature has increased by 0.5 – 0.7℃ and the sea 
level has risen by 20 cm7). 
Therefore, in order to have a sustainable economic and 
social development in Kon – Ha Thanh river basin, it is 
essential to carry out a study to make a flood hazard map 
for the region, especially under a climate change scenario. 
2.Objective of the research 
This research aims to study and calculate floods in Kon 
– Ha Thanh river with a consideration of climate change 
impacts. It is an effective measure of the influence of 
climate change and it gives a set of tools that can assist 
governments at all levels in making appropriate decisions 
in flood control, and in helping people to promptly 
respond to disaster situations. 
3. Methodology 
 The outline of the methodology of this study is as 
follows: 
1. Issues of flood control in Kon – Ha Thanh river 
basin are identified by desk studies and expert 
consultations. 
2. Abnormal meteorological – hydrological 
phenomenon that occurs recently in the basin is   
Figure 1: Location of Kon – Ha Thanh River Basin, 
Binh Dinh Province, Vietnam. 
(Left map: reproduced from Wikipedia.org3)). 
 
determined by using statistical methods. 
3. Hydrological model (Hec-HMS) is used to 
calculate the boundary conditions for a hydraulic 
model of the Kon – Ha Thanh river by simulating 
precipitation – runoff and routing processes. 
Hec-HMS is the US Army Corps of Engineers’ 
Hydrologic Modeling System computer program 
developed by the Hydrologic Engineering Center (HEC). 
The program simulates precipitation – runoff and 
routing processes, both natural and controlled5). 
Hec-HMS computes runoff volume by calculating the 
volume of water that is intercepted, infiltrated, stored, 
evaporated, or transpired and subtracting it from the 
precipitation. Hec-HMS contains the following different 
models to account for the cumulative losses: 
① The initial and constant – rate loss model 
② The deficit and constant –rate model 
③ The Soil Conservation Service (SCS) curve 
number (CN) loss model (composite or gridded) 
④ The Green and Ampt loss model 
  In this study, I choose the SCS curve number (CN) to 
compute the runoff volume. 
  The SCS CN model estimates the precipitation excess 
as a function of the cumulative precipitation, soil cover, 
land use, and antecedent moisture, using the following 
equation: 
where Pe is the accumulated precipitation excess at time t, 
P denotes the accumulated rainfall depth at time t, Ia is 
the initial abstraction (initial loss), and S is the potential 
maximum retention, a measure of the ability of a 
watershed to abstract and retain storm precipitation. 
With Hec – HMS, there are two options to simulate the 
process of direct runoff of excess precipitation on a 
watershed 
① Empirical models: traditional unit hydrographic 
models 
② A conceptual model: a kinematic-wave model of 
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overland flow. 
The Snyder’s Unit Hydrographic model, which is an 
empirical model, was used in this study. 
Snyder defined the standard Unit Hydrograph as one 
whose rainfall duration rt is related to the basin lag tp by          
                 tp=5.5tr                   (2) 
Hec – HMS involves three different models of base 
flow: 
① Constant, monthly-varying value 
② Exponential recession model 
③ Linear-reservoir volume accounting model 
  The exponential recession model was used in this study 
to represent the watershed base flow. The recession model 
has been often used to explain the drainage from natural 
storage in a watershed. It defines the relationship of Qt, 
the baseflow at time t, to an initial value as 
                  Qt=Q0k
t,                  (3) 
where Q0 denotes the initial baseflow (at time zero) and k 
is an exponential decay constant. 
The routing models available in Hec – HMS include 
① Lag 
② Muskingum 
③ Modified Puls 
④ Kinematic wave 
⑤ Muskingum Cunge 
The Muskingum routing model, which was chosen in this 
step, uses a simple finite difference approximation for the 
continuity equation 
where It-1 and It denote the inflow hydrograph ordinates at 
time t-1 and t, respectively; Ot-1 and Ot are the outflow 
hydrograph ordinates at time t-1 and t, respectively; and 
St-1 and St represent the storage in reach at time t-1 and t, 
respectively. 
4. Hydraulic model (Hec-Ras) is used to calculate 
floods on Kon – Ha Thanh river by river networks and 
simulating flood flows on the Kon – Ha Thanh river 
basin. 
Hec-Ras is a computer program that models the 
hydraulics of water flow through natural rivers and other 
channels2). 
The Hec-Ras software was developed at the 
Hydrologic Engineering Center (HEC), which is a 
division of the Institute for Water Resources (IWR), U.S. 
Army Corps of Engineers2). 
Flow in natural river is considered as unsteady flow, 
which is described by Saint – Venant equation (continuity 
equation and momentum equation). In Hec-Ras model, 
this couple of equation has the form below. 
The continuity equation describes the conservation of 
mass for one dimensional system. 
where x is the distance along the channel, t, Q, and A 
denote time, flow, and cross sectional area, respectively; 
S represent the storage from non-conveying portions of 
cross section, lq is the lateral inflow per unit distance. 
The momentum equation states that the rate of change 
in momentum is equal to the external forces acting on the 
system. 
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where g denotes the gravitational accelerator, 
fS is the 
friction slope, V and z represent the velocity andwater 
level, respectively. 
Hec-Ras uses implicit difference scheme (4-point 
implicit scheme) to solve these equations. 
  5. The climate change, sea level rise scenarios used in 
this study are determinded based on the report “Climate 
change, sea level rise scenarios for Vietnam” which was 
published in June, 2009 by Vietnam’s Ministry of Natural 
resources and environment.. 
  Climate change, sea level rise scenarios for Vietnam 
are developed for different emission scenarios, namely, 
low (B1), medium (B2) and high (A2,A1F1)7).  
  The low emission scenario (B1) describes a convergent 
world with relative development toward the lowest green 
house gas emission, low population growth, rapid change 
in economic structure toward a service and information 
economy, international agreements in green house gas 
reduction are strictly and fully performed over the whole 
globe. 
  The high scenarios (A2, A1F1) describe a very 
heterogeneous world in a global scale, with high 
population growth, less rapid and more diverse 
technological change (A2) or fossil extensive (A1F1). 
  Moreover, there are uncertainties in the construction of 
socio-economic development scenarios, followed by 
green house gas emission in the future. Apparently, when 
there are uncertainties, climate change and sea level rise 
scenarios would have a lower limit leading to a lower 
level of confidence than that of the medium one (B2). 
  With the above reasons, the medium emission scenario 
(B2) is recommended to be used currently for climate 
change and sea level rise scenarios for Vietnam. 
  Applying the medium emission scenario (B2) to Kon – 
Ha Thanh river basin, the sea level rise is found to be 75 
cm and the rainfall rise is 12.1% in 2100 in the South 
Central Vietnam relative to the period of 1980 -1999. 
  6. ArcGIS was used to create flood hazard map by 
analyzing the topographic data and combining the results 
from the above calculation process. From the flood 
hazard map, we can identify areas at risk and affected by 
flooding. 
  ArcGIS is a collection of software products created by 
Environmental Systems Research Institute (Esri), 
Redlands, California. 
  Esri's ArcGIS is a geographic information system 
(GIS) for working with maps and geographic information. 
It is used for creating and using maps, compiling 
geographic data, analyzing mapped information; sharing 
and discovering geographic information; using maps and 
geographic information in a range of applications; and 
managing geographic information in a database. 
  Hec-GeoRas is set of ArcGIS tools specifically 
designed to process geospatial data for use with Hec – 
Ras, provides the user with a set of procedures, tools, and 
utilities for the preparation of GIS data for import into 
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RAS and generation of GIS data from RAS output.  
Hec-GeoRas extention was developed through a 
Cooperative Research and Development Agreement 
between the HEC and ESRI. 
4. Results  
Figure 2 shows the design river network created in 
Hec-Ras model. 
The flood from 30th November 1999 to 8th December 
1999 is selected to correct the hydraulic model because 
this flood contains the typical characteristics of floods on 
the basin. Nash coefficient is used to evaluate the 
accuracy of calculation and simulation result: 
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where iO and iP are the observed value and the 
calculated value at time i, respectively, and O is the 
observed mean value. 
 In this model, coefficient of roughness is the unique 
parameter used to adjust the model. In this case, the 
coefficient of roughness of river bed is 0.02 and that of 
river banks is 0.025. 
From Fig. 3, it is obvious that form of process curve of 
the simulated water level and the observed data are quite 
similar with a Nash value of 70%. 
The flood from 12th November 2000 to 15th November 
2000 is selected to test the model. In this verifying step, 
the coefficient of roughness is kept as the original ones 
and run the model with figures of flood in 2000 to 
confirm the reliability of the parameter. By such a 
procedure, we can conclude whether the model is 
effective or not. 
From Fig.4, deviation of flood peak between the 
observed data and the simulated result is small. The 
corresponding Nash value is found to be 68%. 
The Nash value is not high because there is not enough 
accurate observation data to improve the accuracy of the 
result. However, the result is acceptable because for the 
flood problem, the flood peak is more important than the 
flood process. 
Applying medium climate change scenario B2 by 
increasing the boundary conditions for the hydrologic and 
hydraulic models, the obtained maximum water level of 
some reaches was shown in Table 1. 
The water level rise found to be approximately 0.5 m; 
especially for Ha Thanh reach, the water level rise is 
about 1 m. 
Figure 5 shows the flood hazard map of Kon – Ha 
Thanh river basin under climate change scenario B2 in 
2100. From this map, we can know the flooded area with 
the flood depth more than 2 m.  
Figure 6 shows the flood hazard map of Kon – Ha 
Thanh river basin (in affected area) under climate change 
scenario B2 in 2100 (population status). As seen from this 
map, An Nhon and Tuy Phuoc districts are highly 
populated places but the flood depths are more than 2 m.  
Table 2 shows the calculated flood result of Kon – Ha 
Thanh river basin under medium climate change scenario 
 
Figure 2: Design river network. 
 
Figure 3: Hydrograph to compare the calculated stage 
with the observed stage at Dieu Tri station in calculating 
the model (from 30th Nov 1999 to 8th Dec 1999). 
 
Figure 4: Hydrograph to compare the calculated stage 
with the observed stage at Tan An station in verifying the 
applied model (from 12th Nov 2000 to 15th Nov 2000). 
 
B2 in 2100. It includes flood depth and flood ratio in each 
commune. Nhon An, Nhon Hung, Nhon Khanh, Phuoc 
Hung, Phuoc Quang communes are seriously flooded area 
with nearly 100% area flooded and the flood depths are 
more than 3 m. 
Figure 7 is the flood hazard map of Kon – Ha Thanh 
river basin under medium climate change scenario B2 in 
2100 (landuse status). It shows that the flooded places 
with more than 2 m water depths are also important areas 
(paddy rice, annual crops and residential land). 
5. Conclusion 
  From the derived flood hazard maps and the calculated 
tables of data shown above, we can conclude that Kon – 
Ha Thanh river basin (Binh Dinh province, Vietnam) is 
extremely affected by flood and climate change. This area 
needs a plan to solve the problem as soon as possible. 
The results above (flood hazard map of Kon – Ha 
Thanh river basin under climate change scenario B2 in 
2100 for population status and landuse status) will be a 
strong foundation to assist government in making right 
decisions which can help reduce the damages in the area. 
We can identify the affected area and then evacuate 
people to other places which are not affected, move the 
residential land to safety places, save money for building 
construction (dam, levee…) at right places or prompt 
people to save themselves and harvest crops in time. 
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Table 1: Maximum water levels of some reaches 
Figure 5: Flood hazard map of Kon – Ha Thanh river 
basin under climate change scenario B2 in 2100 
 
Figure 6: Flood hazard map of Kon – Ha Thanh river 
basin (in affected area) under climate change scenario B2 
in 2100 (population status) 
 
Table 2: Calculating flood of Kon – Ha Thanh river basin 
under medium climate change scenarios B2 in 2100 
 
 
Figure 7: Flood hazard map of Kon – Ha Thanh river 
basin under medium climate change scenario B2 in 2100 
(landuse status) 
